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A solution for the problem of understanding observed rotation curves in galaxies without
the introduction of dark matter halos is presented. This solution has been obtained upon
considering the distribution of masses in the expanding universe, then, having a cosmolog-
ical character. A formal limiting radius for galaxies depending on cosmological parameters
is given. The empirical conclusions derived from the theory of M. Milgrom and J. Beken-
stein arise as direct consequences of the present approach without any need of drastically
modifying newtonian dynamics.
PACS numbers:98.80.Hw, 95.35.+d, 98.62.Dm
Since the discovery of motions of stars in the galaxies and their gravitational interactions derived
from them, it seems evident that most part of the matter in the universe should be dark. This comes
from the measurements of orbital velocities of stars as a function of the distance from the centre
of the galaxy. There are no important regions where the velocities fall o with distance from the
centre, as would be expected if the mass were practically concentrated. Moreover, also from rotation
curves, spiral galaxies seem to have no limits; in fact, their deduced masses increase endlessly with
distance[1]. Now, the question is whether this behaviour (of not having a particular limit for every
particular galaxy) might (or not) be of cosmological nature.
In this letter a dierent point of view will be introduced. We shall contemplate the possibility that
the observed gravitational behaviour of a particle of massM in the expanding universe be dierent from
the one expected if we were using standard static newtonian theory; therefore, in order to understand
such a behaviour we must take into account, additionaly, cosmological boundary conditions. This
is, somehow, a machian view of gravity, i.e., there should be an important relationship between the
behaviour and properties of the universe as a whole and the corresponding dynamics of small bodies
in relative motion within it [2].
Let us, then, obtain a cosmological correction to the newtonian theory of gravity which would
explain the disagreement between observed and predicted motions; moreover, this correction should
be of universal application and, then, we can also derive other predictions in a dierent scale (the one
of the solar system, for instance).
In order to establish what would be the cosmological eect corresponding to the gravitational
potential of a particle within an expanding universe we need to know what the averaged cosmological
density of matter, corresponding to some epoch, say B, is as a function of the dierence of the
cosmological time with respect to the epoch of reference, say A (B at time t
B
has a gravitational
action at a distance on any event point at t
A
.) The former will, of course, be written in terms of the
space distance r
B
determined from causal considerations; i.e., gravity only inuences points causally































On the other hand, it is always possible to write down the following relation arising from the value
of Hubble parameter corresponding to the epoch t










), the cosmic time, is some constant depending only on the
density parameter 




) < 1 (Actual observational values are in the range









; we have assumed T (
)  T ;






































































where we have dened the "horizon"

























The preceding equation relates the observed eective density of matter for the isotropic universe
as a function of the relative distance r
B
to a reference space-time point at the space-like slice given by
t = t
A
. The direct consequence we can derive from this is the Poisson equation for the gravitational



























)) because for r
B
> 0
we evaluate quantities lying on the past of A.
We can always choose the integration constants such that this limit exists. The nal result is
















Now, for two nearby points,A and A
0
, we must add to their hamiltonian an additional gravitational
potential, namely,




























































































































































Hc[n(T )T (5T   2)]  r + O[(rH=c)
2
] (12)
It is also easy to verify that, in spite of the fact that we still do not know the exact value corresponding
to the cosmic time, we would have, for
2
3
< T < 1, as expected from observational considerations,
3
2








Hc  r (13)
Still, another expression for  in terms of the reduced Hubble constant (recall H = H
o
















c]  r (14)








c]; its value can be estimated














For the newtonian gravitational problem of computing relative motions in comoving coordinates, we
make the approximation of considering every local point as relatively static with respect to the global
expansion of the universe. We see from (14) that this is not clearly appropriate when accelerations
are those of the order of a
o
, and, in any case this additional constant correction should be taken
into account to get the right motion. Equation (14) is, therefore, important in order to understand




). It is easy to verify that,
for stars in the gravitational eld of galaxies, the order of accelerations is just that of a
o
and, therefore,
the cosmological correction might play an important role.
It is now evident that this will amount to correcting the equation of motion by adding a constant












The equation of motion is just frame depending, since we now use masses M and m as if they were
static in a ctitious space-like slice of the expanding universe (something analogous to a "Coriolis
force problem"). On the other hand, the very existence of this acceleration will not change the energy
3














, the Weyl tensor is not depending on the value of a
o
[4] and, hence, it does not
change the meaning of the singularity at r = 0.
Now, we are interested in the dynamics of a uid of matter in a radial velocity eld given by
(16). If the density of matter is decreasing with distance from the centre (as expected for a nite
cumulative mass of the galaxy) , then, at a distance r from the centre, there should be convec-
















) is the averaged velocity corresponding to the
two layer's uid interface at r. If (r+r) < (r) then the problem is known as the Kevin-Helmholtz
instability. For this problem there will be density perturbation waves. These will be unstable un-
































relative densities corresponding to the layers.












) the minimum value of k tends to innite, therefore,






+ r) ! (r
o
) and,
from the conditions of the problem, this density will get a constant minimal value for that distance.











should determine the surface of minimal density for the galaxy on which unstable density wave per-
turbations are allowed.


















. It is a remarkable fact that for r
o
the




) = M , which seems to be conrmed by observations
of ratios of "dark matter halos" masses versus luminous masses in galaxies when the optical radius,
r
25






which is also consistent with the minimal density character of r
o
.




















The preceding equation was already deduced from the empirical theory of gravity of M. Milgrom
and J. Bekenstein [7]; in such a theory, these authors propose an empirical modication for Newton's




. In spite of the fact that they did not obtain its value from rst principles,
they were able to get a tentative value for it from the observed masses to limiting velocity ratios
of spiral galaxies. They also suggested the existence of an eventual "machian-like" relation between










= 4  a
o
 h  H
o
 c). Nonetheless, here, we have not made use of drastic modications of
gravity, yet we have obtained the essential features that would explain the nature of rotation curves
in galaxies just from (several solutions of) general relativity, thus, pretty conrming again this theory
of gravitation.
We could obtain a tentative value of the constant a
o
from our local estimates corresponding to
rotation velocities of bodies in our galaxy( see [8] and references therein).









we can try a 
2
t between this and experimental values. In order to do it we have to consider
rst a distribution of matter arround the centre which could be modelled by the use of a vari-





















, b and z
0
























, where the values are weighted by their correspondig
experimental uncertainty (  50km=s.)
The 
2













a solar mass.), b  7:0kps, z
0
 1:5kps and a
o





. This procedure leads, of course, to a value of a
o
which is in the range of those already
predicted from previous estimates of 




h = 0:036 0:01 (23)
If matter were only baryonic, i.e. 
  0:2, then, also very likely, we could determine independently
a value corresponding to this parameter from the known elements abundances, i.e., 
 should be given




= 0:0125 0:0025 (24)
And, since we have got a dierent value for 
h, it is also possible to determine h  0:35 0:16; this
seems to favour a low value for Hubble's constant in accordance with some recent calculations [10].
It is also very easy to make use of empirical data obtained by Milgrom for values of masses given


























) which also implies h  0:31, again a low value for
Hubble's constant.










We can produce the following relation for the value of the mass of a galaxy and the corresponding

























] 2:2); which is the largely used empirical relation of Tully-Fisher (see [12]
and [13].) We now use this theoreticaly derived equation in order to test the observed limiting velocity














which explains quite accurately the observed ratio.
Similarly, it is also possible to write, for the diameter of a galaxy (D
o
 2  r
o














= 14:15 + 5 log(D
o
)   2:5 log[<
M
L
















being the visible diameter. It is a remarkable fact that both expressions seem to be very closely
related with the theoretical one we have obtained from (26).
In summary, we have given a rst principle's solution to the problem of understanding rotation
curves of galaxies without the introduction of (undetected) dark matter. The solution implies that
there should exist a constant cosmological acceleration implying a relative delay for the large scale
gravitational interaction computed for nearby points. This acceleration should be added in order
to correct the equation of motion when a constant time comoving coordinate frame is used for the
system. Moreover, there would exist absolute eective limits for galaxies where unstable gravity waves
are allowed,this is the minimal density surface. We gave it as an expression in terms of cosmological
parameters; therefore, we should, hereafter, consider the galaxies not only as astrophysical individual
objects but also as having several new unexpected cosmological properties. We have seen that, by
considering our local galaxy motions and this cosmological acceleration in Newton's law of gravity,
it is possible to obtain that the value of the closure parameter is less than 1. If we considered
primordial nucleosynthesis estimates, this conclusion is also consistent with a low value for Hubble's
constant, which seems to be in accordance, after Milgrom's empirical relation, with the observed non-
decreasing of rotation velocities in galaxies. The well known Tully-Fisher relation has been obtained
as a consequence of the "machian" character of the limiting velocity for a gravitational eld; this
seems to be, therefore, the rst time Mach's principle has empirical observable consequences. Several
new tests of the existence of the cosmological correction to local newtonian equation of motion in our
solar system are in preparation.
The author whishes to thank Drs. Jose Luis Sanchez-Gomez, Rosa Dominguez (Universidad
auton"noma de Madrid, Spain) and Joaquin Diaz-Alonso (Observatoire de Meudom, France), for
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